This case-control study was conducted on 1010 women to examine the association of several dietary and behavioral factors with the risk of breast cancer. It was reviled that physical activity and dietary pattern are important factors in the incidence of breast cancer. This helps in providing more pragmatic approaches in cancer prevention. Background: Several studies conducted in developed countries introduced diet and physical inactivity as major risk factors for several types of cancers. However, the impact of diet and physical inactivity on the risk of breast cancer (BC) is understudied, and the limited findings are controversial. In addition, no or limited knowledge is available from the developing world. Patients and Methods: This case-control study was performed from November 2014 to March 2016 on 1010 young women aged 20 to 50 years who were newly diagnosed with BC. Data was obtained via a validated questionnaire and the global physical activity questionnaire (GPAQ2). Also, patients' medical and histopathology reports were reviewed. Results: The results of multiple logistic regression suggested that, except for the common risk factors for BC (older marital age, family history of BC, smoking, and being a passive smoker), eating red meat (adjusted odds ratio [aOR] >8 portions/week [p/w] vs. 0-2 p/w, 1.15; 95% confidence interval [CI], 1.04-1.28); eating fish (aOR >8 p/w vs. 0-2 p/w, 1.55; 95% CI, 1.12-2.76), fruit consumption (aOR 0-4 p/w vs. >8 p/w, 1.96; 95% CI, 1.07-3.82), pickle consumption (aOR >8 p/w vs. 7-8 p/w, 1.46; 95% CI, 1.31-1.70), and intensity of physical activity (aOR light vs. vigorous, 1.68; 95% CI, 1.47-1.98) were directly associated with a higher risk of BC in young women. Conclusion: Our study supported the hypothesis that unhealthy dietary habits and physical inactivity are risk factors for BC. We found that a healthy diet containing low fat and high fruits and vegetables with regular exercise are effective ways to reduce the risk of BC among young women.
Introduction
Unhealthy dietary pattern and physical inactivity have been introduced as important risk factors for hypertension, diabetes, cardiovascular diseases, lipid disorder, and even depression. 1, 2 It has also been shown that diet and physical activity are effective factors for the occurrence of several types of cancers. 1 Although several studies have also shown significant associations between unhealthy diet and physical inactivity and the risk of breast cancer (BC), [3] [4] [5] the results are not conclusive and, in several studies, are controversial. However, these studies are predominantly conducted in populations from developed 1 countries, which are completely different than those in the developing world with respect to genetics, lifestyle, and environment. It has been suggested that the Iranian population is different from those in the developed world with respect to genetics, lifestyle, diet, and environment. For example, it seems that some factors associated with BC, including lifestyle, are considerably different among Iranian women when compared with women from Western countries. 6 In other words, the rapid demographic change, urbanization, and social development are causing several important health-related changes, including nutritional transition and sedentary lifestyle, among the Iranian population. 7 The change in diet or the Westernization of the diet includes a higher intake of red meat, processed food, fatty food, refined grains, sugar, butter, fries, and carbonated drinks. 8 It has been suggested that the Westernized diet not only increases the risk of BC but also reduces the survival of the patients. 9 A small number of studies in Iran have studied the influence of diet on BC mostly among postmenopausal women and did not consider the effects of reproductive and dietary factors at the same time. 10, 11 Definitions of the role of diet and physical activity in BC would help in preventing BC, the most common type of cancer in women. In this case-control study, we aimed to measure the association of physical activity and diet with risk of BC in Iranian women.
Ascertainment of the role of diet and physical activity would also help in planning preventive strategies for BC by the Iranian health policy makers.
Materials and Methods

Setting
This is the second phase of a case-control study which was conducted from November 2014 to March 2016 in Namazi Hospital, Shiraz, Iran. 12 This study was conducted to investigate the association of dietary habits and physical activity with the risk of BC in Iranian women of premenopausal age. The study's sample of participants consisted of 505 patients with BC and 505 female controls.
Ethical Approval
Written consent was obtained from all study participants, and verbal consent was obtained from illiterate participants. Ethical approval was obtained from Shiraz University of Medical Sciences (no: 1396-01-04-14732).
Criteria for Subject Recruitment
A post hoc power analysis suggested that with alpha value and power set at 0.05 (2-sided) and 80%, respectively, a sample of 453 for each group would be enough to detect an increase as small as 1.5 times in the risk of BC among those consuming no or very little fruits compared with those consuming a large amounts of fruits on a daily basis.
Patients with BC were selected among females aged 20 to 50 years, newly diagnosed with BC, and having positive histopathology report at Namazi Hospital. Control participants were randomly selected among patients with no cancer who were also admitted to the same hospital during the same period. Cases were interviewed when they were visiting surgery/radiotherapy departments. Controls were interviewed at almost the same date during their stay in the hospital. Controls and cases were matched for age (AE 5 years).
The case participants were excluded if they had relapsed or recurrent cancer after treatment. Also, patients who experienced a recent significant change in their weight or size from the last 6 months were not included. 13 The latter was done to eliminate the possibility of reverse causation of the association between weight or diet and BC. 13 
Data Collection
The required data was collected via an interview administered questionnaire (which was designed and used before) and the patient's medical file. Briefly, based on the results from a pilot study, using testretest analysis, the questioner's reliability was estimated as good (Cronbach alpha ¼ 0.72). The procedures of designing and evaluation of the questionnaire and interview has been discussed previously. 12 All participants were interviewed in a private and quiet place. 
Dietary Habits Assessment
The participants were asked to report the frequency of consumption for each of the above food items in terms of portion per week. The number of portions per week was categorized into 0 to 2 p/w, 3 to 4 p/w, 5 to 6 p/w, 7 to 8 p/w, and >8 p/w. 14 
Anthropometric and Physical Activity Assessment
During the interview at the clinic, weight was measured with minimal clothing and without shoes. To calculate the BMI, the weight was divided by the square of height (kg/m 2 ). The Global Physical Activity Questionnaire (GPAQ2) was used to estimate the physical activity of the study participants. This validated questionnaire is comprised of 16 questions. It divides the participants into 3 domains of physical activity and sedentary behavior. The 3 domains of physical activity include: activity at work, travel to and from places, and recreational activities. Definitions of these 3 domains are given by the World Health Organization (WHO) (2016). 15 The metabolic equivalent (MET) was used to calculate the intensity of physical activity, which is classified into 3 categories: light intensity (< 600 MET-minutes per week), moderate intensity (600-3000 MET-minutes per week), and vigorous intensity (3000 MET-minutes per week).
15,16
Statistical Analysis Dietary Habits and Risk of Breast Cancer included in the final model. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using the multivariable logistic regression. All P-values were 2-sided, and statistical analysis was conducted assuming a 2-sided 5% level of significance. All analyses were conducted using Stata version 12.0 (Stata Corporation, College Station, TX).
Results
Of 550 participants with breast cancer, 45 (8%) were excluded owing to missing or incomplete diagnosis reports. As a result, a final sample of 505 cases and 505 age-matched controls were included in the analysis. The participants in case and control groups had an average age of 41.78 years (AE 10.65 years), and 42.24 years (AE 10.62 years), respectively (P ¼ .42). Overall, 184 (36.4%) patients and 183 (36.2%) controls were illiterate or had primary education. In addition, both cases (92.1%) and controls (94.3%) were predominantly married. Table 1 illustrates the unadjusted associations between sociodemographic and dietary variables and BC. In that regard, significant unadjusted associations were observed between the risk of BC and the participant's education, occupation, age at first marriage, history of breast problem, history of breast cancer in relatives, intensity of physical activity, and smoking. There were also direct associations between BC and consumption of red meat, fish of any kind, dairy products, sugar, and pickles (P < .05 for all). On the other hand, an inverse association was observed between fruit consumption and risk of BC. Dietary Variables. The results suggested that eating red meat increases the risk of BC (OR >8 p/w vs. 0-2 p/w, 1.15; 95% CI, 1.04-1.28). In addition, eating fish was associated with a higher risk of BC (OR >8 p/w vs. 0-2 p/w, 1.55; 95% CI, 1.12-2.76). Also consuming no or less fruits (OR 0-4 p/w vs. >8 p/w, 1.96; 95% CI, Physical Activity. According to the results of multivariable analysis, vigorous physical activity (ie, 3000 MET minutes per weeks) was associated with a lower risk of BC (OR light and moderate intensity vs. vigorous intensity, 0.68; 95% CI, 0.47-0.98).
Results of Univariate Analysis
Multivariable Analysis
Discussion
After adjusting for potential confounders, the results suggested that employment, history of breast disease, history of BC in firstdegree relatives, smoking, and passive smoking increase the risk of BC among young women. Among reproductive variables, OCP use and marriage at a younger age (under 18 years) decreases the risk of developing BC for about 65%. With regard to dietary habits, significant associations were observed between eating red meat and fish. However, consuming no or less fruits and eating pickles with all meals decrease BC. With regard to physical activity, vigorous physical activity decreases the risk of BC among young women.
Employment is a demographic factor that is associated with increased risk of BC. In the current study, employed women had a higher risk of BC than homemakers. These findings are in accordance with the results of previous studies where employed women had a higher risk of BC. 17 Work-related stress and /or exposure to carcinogens may be the possible cause of increased risk of BC. Higher socioeconomic status, which includes higher education and more family income, may also contribute to the higher risk of BC in employed women. 18 However, we previously reported no positive association between being employed and risk of BC. These contradictory results may have occurred because older women were selected for study in the previous study.
12
Two other important factors related to the risk of BC were the history of breast benign diseases and family history of breast cancer. In our study, the presence of breast benign diseases was associated with a higher risk of BC for young women. This finding is in accordance to the findings of previous studies, which suggested that having history of breast cancer among relatives could increase the 19, 20 A study reported that family history of BC among first relatives is not associated with the risk of BC, but in the current study, it was reported as a predictor variable. 12 These controversial findings support the hypothesis of a previous study that family history of BC is more highly related to the risk of BC among young women than postmenopausal women.
Results of the multivariable analysis suggested a significant association between OCP usage and risk of BC. The results of previously published studies suggested an association between OCP usage and BC, 21 but another study on a high proportion of postmenopausal women reported no statistically significant association. 16 This association is also reported by several Iranian studies. 18, 22 Compared with a previously published paper, 12 this association is event stronger (OR, 1.77 vs. 1.46), which indicated that OCP usage can have negative effects on the risk of BC, especially for young women. Among other reproductive variables, marriage at a younger age was associated with a lower risk of BC; women who married at an older age were at greater risk of BC. This finding is in line with Ghiasvand et al, who suggested that getting married at a younger age has a protective role on the risk of BC. 18 This finding is in line with the result of the first phase of our study in which we found a direct association between age of marriage and risk of BC. 12 Different aspects of the association of BC and smoking, such as being a current or former smoker, passive smoking, duration of smoking, and type of cigarette have been investigated by others [23] [24] [25] [26] and with some uncertainties; the results supported the presence of a causal association. A meta-analysis showed that the rate of smoking 
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among Iranian women varies between 0.6% and 9.8%, depending on ethnicity and region of residency. It is also estimated that 38.5% of the Iranian population are passive smokers. 27 Despite a large number of epidemiologic studies that examined the relationship between cigarette smoking and risk of BC, there is still no scientific consensus owing to some concerns over the effect of confounders, especially alcohol, on the association. 28 However, the results of the present study are unlikely to be confounded by alcohol as consumption of alcohol is illegal in Iran, and none of the participants in case and control groups reported regular alcohol consumption. Similar results were found in the previously published article between smoking (OR, 2.02 vs. 2.48) and passive smoking (OR, 1.57 vs. 1.71) and the risk of BC. 12 We found that vigorous physical activity lowers the risk of BC. This is consistent with a study that suggested vigorous physical activity is associated with a lower risk of BC. 29 The association between physical activity and a decreased risk of BC observed in our study is also in line with the conclusion of a recently published meta-analysis of 139 prospective and retrospective studies. 30 Indeed, physical activity is associated with prevention of several other diseases. According to the World Health Organization, physical inactivity increases all-cause mortality, increases the risk of obesity, diabetes, high blood pressure, lipid disorder, osteoporosis, depression, anxiety, and colon cancer. 31 According to the American Cancer Society, the risk of breast cancer is 20% to 30% lower in physically active women than physically inactive women. Possible explanations include the fact that physical activity increases basal metabolism, improves tissue oxygenation, and decreases weight. Weight control reduces body fats and insulin resistance and hence insulin levels. Physical inactivity causes chronic inflammation and increase the levels of growth promoting hormones. 1 All these changes are associated with cancer. The globally accepted definition of an unhealthy dietary pattern includes: high content of refined grains, potatoes, sweets, high-fat food, coffee, black tea, soft drinks, dressing, sauce, mayonnaise, red meat, and/or processed foods. 8 This study revealed that the risk of BC was 1.15 times higher in women who consumed more portions of red meat than those consumed less. Red meat is known for causing many types of cancer, including colorectal, endometrial, bladder, gastric, and kidney cancers. 1 Previous studies on BC also supported these findings. For example, a recently published meta-analysis on premenopausal women revealed a significant positive relationship between red meat consumption and the risk of BC in young women. 32 The results of this meta-analysis suggested that the women who consumed more red meat had a 1.27-times greater risk of breast cancer compared with those who consumed less. However, a recent metaanalysis on 3 cohort, 3 nested case-control, and 2 clinical trial studies has demonstrated that processed meat is associated with a higher risk of BC but not red meat. 33 Heterocyclic aromatic amines, hem iron, and exogenous hormones in red meat may work as potential carcinogens. Cooking meat at high temperature can generate heterocyclic aromatic amines, which act on DNA and cause point mutations, deletion, and insertion. 34 Hem iron damages DNA and cause lipid peroxidation because of its pro-oxidant properties. 35, 36 Exogenous hormones are steroid hormones, which are given to cattle to promote their growth and muscle mass. These hormones can cause BC by increasing cell proliferation and angiogenesis and suppressing apoptosis. 36 In our study, fish intake was also associated with the risk of BC. Another study supports our findings. 37 The hypotheses for the mechanism of this finding includes that fish might be contaminated with water-absorbed heavy metals and pesticides, which have estrogenic effects. These metals and compounds activate estrogen receptors in the absence of estrogens and increase the risk of BC. Also, cooking fish at high temperature can produce heterocyclic aromatic amines like red meat and can cause BC. 38 Fish is among the prudent/healthy diet ingredients according to the globally accepted definition of healthy dietary patterns. An increased risk of BC with fish intake can raise concerns of fish remaining as a health food. 8 Certainly, more studies with a focus on the type of fish and carcinogenic environmental factors are needed.
The results of the unadjusted model demonstrated that consuming foods rich in carbohydrates are associated with an increased risk of BC. However, the association was not statisticaly significant in the multivariable analysis. Another study found similar results, as positive correlations were introduced between consumption of carbohydrate-rich foods, especially sweets and chocolates, with an increased risk of BC. 39 Foods with high glycemic index (the glycemic index represents the digestibility of carbohydrates and their absorption in blood stream as glucose), such as refined sugar, cause insulin resistance and increased insulin-related growth factor, which is accused of being carcinogenic to the breast. Moreover, s higher intake of sucrose raises glycemic load and obesity, which will in turn increase the endogenous estrogen levels. 39 Furthermore, insulin also stimulates and increases the concentration of estrogens and androgens, all associated with the risk of BC. 40 Vegetables and fruits are potentially categorized as prudent or healthy foods for prevention of not only cardiovascular and inflammatory diseases but also for cancer. The World Cancer Research Foundation recommends the intake of fruits and vegetables for cancer prevention. Many studies showed the protective role of vegetables and fruits against BC. 41, 42 Our study supports those studies. We found that patients with BC consumed less fruits and vegetables than the control group. Baglietto et al concluded that intake of fruits and salads had greater impact on decreasing BC risk than vegetables. 43 We also found that fruits were more protective than vegetables. The possible reason for this difference is the effect of cooking and high temperature on vegetables. Cooking destroys antioxidants such as carotenoids and vitamins, which decreases the anti-carcinogenic properties of vegetables. Polyphenolic compounds, flavonoids, isoflavones, epigallocatechin-3-gallate, lycopene, daily trisulfide, isothiocyanates, resveratrol, selenium, beta carotenoids, vitamins E, D, C, A, B12, and B6, and folic acid are some of the anti-carcinogenic components of vegetables and fruits. These compounds inhibit oncogenic cell proliferation, promote apoptosis, inhibit angiogenesis, enhance pathways that detoxify carcinogens, and generally inhibit pathways to breast cancer. 1 Although vegetables provide protection against breast cancer, pickled vegetables do not. We found a high consumption of pickled vegetables in patients with BC. Previous studies support our finding, as they also found positive association between consumption of pickled vegetables and the risk of BC. 44 Nitrates, nitrites, and extra salt in pickled vegetables are suggested to be potential carcinogens. 45 Dietary Habits and Risk of Breast Cancer e132 -Clinical Breast Cancer February 2019
In our study, according to the univariable analysis, intake of dairy products, especially high-fat dairy products, was associated with a higher risk of BC (but the association was not statisticaly significant in the multivariable analysis). Several studies support these findings, but some others contradicted them. For example, a meta-analysis showed that dairy consumption is inversely associated with BC development. However, they found an inverse correlation between low-fat dairy and BC. 46 Another study found that high-fat dairy products increased the mortality of BC. 47 But, in line with the our results, one study suggested no overall association between dairy consumption and BC. 48 The possible explanations include that high fat content is estrogenic and dairy products contain carcinogenic contaminants (such as pesticides) and growth factors such as insulinlike growth factor I (IGF-I). Animal studies have supported the role of high-fat dairy products in cancer, but human studies have not. 49 
Strengths and Limitations of Our Study
The strengths of our study include a larger sample size than many other Iranian studies and the fact that the interviews with the case and control participants were conducted by trained nurses in the same setting with a very high participation rate. The study measured selfreported habits of consuming the main groups of foods, which could be helpful in measuring habits long before onset of the disease. However, asking the participants to refer to months before the interview will put the findings at the risk of recall bias, a common pitfall for case-control studies. However, the method of selecting controls (hospital controls) should have reduced the risk of recall bias in the reporting of study variables. Also, we found that fish consumption can play a significant role in the risk factor of BC. However, there was no additional information on type of fish that our participants used, and this requires further research to detect the possible impacts of different kinds of fish consumption on the risk of BC.
Conclusions
Our study revealed that an unhealthy/Westernized dietary pattern and physical inactivity are risk factors for the development of BC in young Iranian women. Fish consumption was also found as a risk factor of BC. This contradicts the global view on healthy foods. Eating vegetables and fruits and vigorous physical activity were protective factors for BC.
Guidelines have placed red meat consumption for BC risk in category B (ie, no clear harm or benefit). The results of our study indicate a need for revision of the guidelines.
We suggest women should restrict calories and eat more vegetables and fruits. Vegetables should be prepared uncooked to avoid damage to nutrients, which helps in prevention of BC. Low-fat dairy products should also be recommended as a healthy ingredient in our diet.
Clinical Practice Points
The basics of the association of diet and physical activity with BC were studied. This study provided applicable evidence about the preventive effects of diet and physical activity on BC. Based on the results of our study, preventive measures, including raising public awareness about lifestyle and diet, are to be focused on more pragmatic and effective interventions in cancer prevention.
Eating vegetables and fruits and vigorous physical activity were protective factors for BC.
